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A graph theoretic approach to testing
associations between disparate sources of
functional genomic data
Raji Balasubramanian, Thomas LaFramboise, Denise Scholtens, and Robert
Gentleman
Abstract
The last few years have seen the advent of high-throughput technologies to an-
alyze various properties of the transcriptome and proteome of several organisms.
The congruency of these different data sources, or lack thereof, can shed light on
the mechanisms that govern cellular function. A central challenge for bioinformat-
ics research is to develop a unified framework for combining the multiple sources
of functional genomics information and testing associations between them, thus
obtaining a robust and integrated view of the underlying biology.
We present a graph theoretic approach to test the significance of the association
between multiple disparate sources of functional genomics data by proposing two
statistical tests, namely edge permutation and node label permutation tests. We
demonstrate the use of the proposed tests by finding significant association be-
tween a Gene Ontology-derived “predictome” and data obtained from mRNA ex-
pression and phenotypic experiments for Saccharomyces cerevisiae. Moreover,
we employ the graph theoretic framework to recast a surprising discrepancy pre-
sented in Giaever et al. (2002) between gene expression and knockout phenotype,
using expression data from a different set of experiments.
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observed graph A observed graph B observed intersection graph
graph A: node label 
permutation
1) Intersect graph A and graph B.  Count number of intersecting edges. 
(Or calculate alternative test statistic, possibly using edge weights.)
2) Permute node labels or edges on graph A, depending on algorithm.
3) Intersect permuted graph A with graph B.  Count number of intersecting edges
4) Repeat N times.
5) Calculate p-value equal to (# of permutations resulting in at least as many 
intersecting edges as observed intersection graph)/N.
intersection graph
G3
G7
G1
G2
G8
G9
G4
G5
G6
G10
G3
G7
G1
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G8
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G7
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G9
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G6
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G5
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G7
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G7
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G3
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G7
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G3
G7
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G2
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G5
G6
G10
G3
G7
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G5
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G3
G7
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G2
G8
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G4
G5
G6
G10
G3
G7
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G5
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G7
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G7
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G7
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G4
G5
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G4
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G10
6
intersecting
      edges
2
4
4
3
1
4
Repeat for N permutations.  Then calculate p-value.
 B
U
 B
U
 B
U
 B
U
 B
U
 B
U
permutation 1:
permutation 2:
permutation 1:
permutation 2:
permutation 3: permutation 3:
graph A: edge 
permutation
intersection graph
U
 B
U
 B
U
Edge permutation and node label permutation algorithms
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edge permutation
node label permutation
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